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ABSTRACT 

A. model program for freshman women in engs ^j^^^^fi^ was 
field tested and e v^rl'viQjted at the . Purdue University Departi^^r)^ 
Freshman Engineering, The course,* open to men and women ^ ^^^ign^d 
to provide more egudtable educational opportunities throuq!^ j)^i^(^^-on 
laboratories^ career\education, and role-model lectures on ^ 
environment, transpor'tation , biomedical engineering, and 
productivity, six standardized tests were administered to ^V^l\^^t9 
tbe effectiveness of the laboratory experiences in increas>^(j 
knowledge in technical areas. To evaluate changes in goals/ 
interests, attitudes, perceived capabilities, and e xoerien^"^^ ^ ^ 
survey was administered. The evaluation instruments were a'^^i^-t^^ -^'^'^ 
before and after the program to two course groups, one con'*^^i^lt^9 
primarily women and one containing about half women and ha^^^'^^t^* 
to two control groups. The hands-on laboratory resulted in,^^,/ 
substantial, although not complete, gains in technical kn.o^^^^^^ for 
women in the experimental group compared to men in the cot^^^qX ^^oup. 
Student journals showed evidence that a great deal of thou^W 
going into the formulation of specific career plans after ^\c^'^ 
role-model lecture/discussion session and career counseliti^f ^^^^^on. 
Increas<5d self-confidence of women in their technical knowi^(}9% ^nd 
laboratory skills was indicated from the survey scales. Fif^^x ^o^tb^ 
evaluations by students indicated that they were generally ^i^^'^^d 
with the cours=>. (SW) 
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' • ^ Abstract 

The number and percentaqo of women who beqin and graduate in erqineerinq 
in the United States ha<; traditionany been very small (loss than 1-). 
However in the mid and late I970's there have been vory siqnificart 
increases. Women enterinq engineering, when compared with inen, qcncrany 
hnvp higher average verKa* abilities and higher pre^colloge grados. 
TfK\y are alro not as likely to have had niechanical and technical 
experiences nor are they as familiar with engineering related ^ociet^l 
oroblems. To provide more equitable educational opoortunitier, a special 
course was developed at Purdue University to meet these special n^od^. 
The course is open to men ^-^nd women and included: 

- hands on laboratories, 

role-model lectures on energy, environment, transportation, bio- 
medical engineering, and productivity, and 

- career planning. 

Pre and post tests and surveys indicate significant gains by students 5^ 

UJ < 

participating in the cxperimtntal course compared to students in a 

control group. sS 



n PapeA pnapcVLC.d bij iHllUam K. UBoM, Btainz K. I^atici. atid Matte 
Kiitgca ^oA thz JntzAnaUov.at Sooccfi/ ^ofi EngiiKLC'tuiq kducaficn 7 th 
inteAndUomi ^ipnpvb(un. KHaciL'tif^ti-j t , Anstlui, Jtinc. 197S. 

^! TjuA-pnojcct lOciA 4ponio/(C'rf in patf oK in lohoCc hij the Vcpattmcnt of, 
HzaUJi, Education, and Wcf/iaAe, U.S. OUica. Lducciticn mdcA the 
Women 4> Educationat Uqaiiy \ct, G-xant No. 02G00760S965. Hmocvci, the 
opi.nA-on6 Qxpncued /leAc do not neco^Aaufi/ ici^fccf thcii poiiticn ci 
policy and no oftf^idiat cndouamut by the' U.S. O^icc 0|< Education 
ihoufd he inf^i'tncd. 



1,2 Nature and Purpose 

Engineering is one of the largest professions In the U.S., employing 

over a million engineers in 1970 and U.S. engineering employment is 

expected to reach one and a half rr.illion in the 1930's. However, 

engineering has been primarily a nnle profession with Joss than ]% 

female, one of the lowest in all U.S. professions and the lowest in 

3) 

the science fields. ^ Nonetheless; women are beginning to enroll in 
engineering colleges in unprecendented numbers and proportions a^ can 
be seen in _Table_1 . There has been a sevenfold Increase in seven 
years nationally (11R1 in 1969 to 8545 in 1976) and even greater growth 
rates at many institutions, e.g. 1972-77 at Purdue University - a tenfold 
increase (27 to 28-^ freshman) in five years. There are similar encour- 
aging signs at the demand level, which have b(:en stimulated in part by 
affirmative action , equal employment opportunities and legislation. 
The College Placement Council (1975,76) and university placemc-it 

centers also indicated that BS graduate engineering women are as likely, 
or more likely, to seek and be granted job interviews and job offers 
and report slightly higher mean starting salaries than BS graduate 
engineering men. 

Current studies and studies over the past several years have documented 
a variety of problems women entering ergineering and other non-traditional 
programs are likely to encounter ' including both lack of mechanical 

.^1 National Science toundcitiort. 1972 SiCLQ,ntl6t and'EnQintci VoptUatlon 

R2,dz^lmd, Volnmz 2, iabo^ Fo^ce and Emptoipnatt Clia^iactciAJitLCt, WSF ^ 
75-327; Vz^talted Stjati^ticat Tabt(L6, Englmzu btf FU^d, NSr 76-306, ^ 
{Jiaikington, V.C. 1975. ' ^ 

4] Collzgz Placemznt Council, 1973-74 and 1974-75 Sataxtj Studies, Bethlehem, 
Pennsylvania, 1975, 1976. 

5) Vavi^, 5.0. and IntcA-linivtUittj R^szaAch Gnoap on Women ux Eni]<'ncc'x(nci, 
"Academic ExpzAAznccS 0(5 Englnzz^ing Stadzn.t6 - Vozs SzK hiakz a \^ 
Vi^eJicncc?'* UnivcAsitij Hinnctota, 1977; afso Wcio Encjinccn, Bctfond 



-2- 



TABLE! 

trend:, of freshman women and uni/jergraduate women 
enrollments in engin^eering 

To;tal Freshman 



Year 


Undergraduate 
U.S. ; Purdue 


(1st year) 
U.S. Purdue 


1969 


3061 


47 


1181 


24 


1970 


3569 


59 


'1457 


25 


1971 


3983 


78 


1541 


26 


1972 


4487 


87 


1542 


27 


</1973 


6064 


143 


2417 


69 


1974 


982.8 


244 


4216 


118 


1975 


15852 


462 


6730 


233 


1976 


21936 


647 


8545 


253 


1977 


N/Ava1l. 


817 


10190 


284 



Sources: Engineering Manpower Commission, 

Engineering & Technology Enrollments - Fall (1969-1976) 

Office of the Registrar, Purdue University 
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knowledge and indecision as to a specific area withir. their field of 

interest.^^ Lack of technical knowlednn by women in engineering 

was documented as early as 1962 by Dement. By talking with women 

entering mechanical engineering ,^^she found that these womon encountered 

difficulties because of the inadequacy of their vocabularies due to dif- 

fer-^iices between their earlier experiences and those of men. Shaycroft ( 1 967 ) 

in the Project Talent Study of the growth of cognitive skills during the 

high school years, prov-ides further evidence of inequities. High school 

men and women who were tested at both grades 9 and 12» showed substantial 

differences in several areas of knowledge, which are basic to the study 

of engineering, including physical science, aeronautics, electronics and 

rrechanics. Furthermore, studies conducted by Erlick and LeBold (1975)? 

and LeBold, Bond, and Richard (1975) indicate that men are much more 

likely than women to have hobbies, interests and educational experiences 

which are engineering related and provide technical "hands-on" experiences. 

It was also found that students who had these experiences, were much more 

likely to enter scientific fields. Additionally, women who deride to 

enter engineering, do so at a much later time in high school and are much 

more likely to be undecided as to a field of specialization. 

b] Ott, M.P. ExpcjUencc^, K^^pi/iCitionh and KttitadQ^ OjJ Kiato. an Female 
Fh.uhrmn EncfinecA.^, Efic^lntc-^Xng Education , Watikinciton, P.C. J 965. 

7) Vdtmnt, A.L. "Jhz Coticgo. Woman oA a Science h\ajox'\ JoiL\>iat of^ 
HighzA, Education, 1962, Vol. 33, pp. 4S7-490. 

S] ShaycAof^t, M.F. PAoject Tatcnt t The High School VeaA^-GKoiotli In 
Cogviitivz SluJU , AmcAtcan Jnhtlttxtc^ {^oX HeJCOAcb, 1967. 

9) EAlick, A. 6 LcEold, W.K. "Facto^^ Jrif^lucncXng the Science CaxccA 
Vecliion^ oi Women and Ulna A.itie6: Pu/idae OphUon Poli }0V\ Pu'idue 
UnlvQA^ittf, 1977. 

10] LeBold, W.K., Bond, A., S Richaxd, H. "1974 PuAdue F/rc^/imoyi Expectation^'' 
VepanXment o^ FA:e^hman EnginccAA.ng\ PuAdue Unive/i^-ittj, 1975. 



Based on these findings and rqlated programs designed for women 
•::-^l^jj$on>tpadit1onal scientific fields at the University of Oklahoma,^^^ 
/ Cornell, and Purdue; ' the Purdue University Department of freshman 
Engineering designed, field tested and evaluated a model program for 
freshman v/bmen in engineering. The project is funded under a grant from 
the U.S. Office of Education under the Women's Educational Equity Act (WEEA). 

1 . 3 The four project objectives are: 

- To develop an educational model for freshman engineering women which 
will enable them to participate more fully and more fairly in 
engineering education. 

- To evaluate the effectiveness of the educational materials and program 
developed including the offering of an experimental course to field 
test the model . 

« 

- To disseminate information nationally regarding the educational 
materials. 

- To collect, store and organize information on studies of and programs 
for women in engineering at United States universities and colleges. 

1.4 Projectv Status 

Purdue's model program is similar in some ways to three other programs 
which have been developed for women in non-traditional scientific fields. 

11) PolUck, Bzttif L. and Little., Uc K. "ExpeJUmzntaZ Pxojzct in F'nijiici, 
EducAtion on. Ave.naz6 ion. Womzn" , The Phuila^ Teac/igA, pp. 39-399. 
OOoboA, 1973. 

•12} HaU., Thotrm and Hatl, Cafiot. "Ba&ic Labo/uUoKU Skltti Covuue. at 
CoftneM" In J%oc^(L(Ung6 Womtn In Enginzexaxg'. . .Beyond RccnuUmcn t 
Con^cAfcnce . Cc-ineXf Univ.cfi6ltif, It/wtca, New yoAk, pp. «g9-93, June 2i-25, 
1W5. 

?3) Bn.oii}n, L.H. "Involvmmt o^ 6tude.nt& in -teAeoAc/i", in Pn.oceedingii CiJ 

Wamen in EngineeAxng . . .Betfond llecAivUmznt Com^cAzncz, Con.ntti UniveAildj, 
Ithaca^ New JeJUey, pp. 9&-i04, June. 22-25, /975. 
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Two of the programs, Oklahoma's "New Avenues" program for women in 
physics ^^^'^^^ and Cornel Vs program for women 1n engineering 
included a series of basic laboratory experiences for students in these 
areas. Purdue's program for wornen in science involved the use of 
role-model lecturers from di f ferent areas within science as well as 
special counselling and an unstructured research experience. 

Purdue's WEEA Women in Engineering Program has focused on the developmont 
of an experimental course directed at meeting the n£-ods uf freshman 
engineering women, but is open to allstudents. The program includes 
both the use of laboratory sessions relevant to engineering and role- 
model lecturers from v/ithin and outside of engineering to discuss 
various engineering related problems. In addition to this, group and 
..individual counselling sessions are a part of the program. 

The primary objectives of the course are: 

• To provide laboratory experiences for freshman enginoeri'dg students, 

particularly women which include knowledge and *'hands-on" skills 
related to engineering. 

- To provide a variety of role-model lecturers for freshman engineering 
students Lo help them identify career opportunities and interests in 
various fields of engineering and to help them develop an understanding 
of societal engineering problems. 

14) ?olZack, BoJitij I. S littlz, Ut^K., ''BKpznZmdiital P^ojcdt in P!uj6ic6 
Education on. Uovo Aucwuc^ f^o^ \}}om(in^\ Tha Pluj6lc6 Tcachc- X, pp, 39-399, 
OctoboA 1973. 

15) Shay, VmnAA "Wcx<; Avenues", PKocccdinq^ i^^om Women in Bngindcring. . . 
Bzgond Reo^oc^ent Coni^e/ience , pp. 94-9i, CoAnatt, /975. 

16) Hall, Thoma^^ 6 HaU, Canot. "BaUc LaboKaXony Skitl^ CouAtc at 
Ca/ineW in P/iocec(J^ncj<s o^ Women in EnginzeAinc]. . .Beyond RQCAuitmcnt 
Conj^^e^ce , CoAntil UnLveAJf>ity, Ithaca, Wcxi? Vo\k. pp. &9-95 , J(i'mc 

17) B^o^^n, L. I/. ^^lnvalvm\!Jit 0^ ^tudc^tts in ^toACtVic/r'' in P>vQcec(fo ir|6 
0 ^ Women in Ena ineeAin^ . . . Beyond RecAacf>ne»tt Con (^e^tCHce ^ Connctl 
UntveA^ 4 /^TTt'luiFa , Ifcio laucy, pp. 9&-104, Jmmc 22-25/ / 9 7 5 . 



- To provide career counseling for freshman engineering students to 
help them identify their abilities and interests and to integrate 
this information with their understanding of fields of enqineerinq 
into meaningful career plans. 

To compare and evaluate the experiences of men and women who parti- 
cipated in the experimental program with similar men and women who 
did not participate in the program. * 

1 • 5 . Offering of the Experimental Course 

The experimental course which was offered during the spring semestnr 
(15 weeks) of 1977, January to May,' included a one-hour lecture and a 
two-hour laboratory each week. Table 2 gives an oi/tline of the lectures 
and laboratories which were given during the spring semester of 1977. 
The primary emphasis of the lecture sessions is to present role model 
speakers from various areas who are concerned with problems of energy, 
environment, transportation, productivity and bio-medicine. In Fij ure 1 
Gwendolyn Albert from the U. S. Environmental Protection Agency ciiscusses 
water pollution problems in Texas. The role models included both men 

Insert Figure 1 . 

and women, minority and jamority group members, young and old, and 
signle and married Individuals. Some of the speakers were members of 
Purdue's staff; others were representatives of industry or governmental 
agencies. Speakers were drawn from various engineering professions as 
well as from other professions* such as psychology, economics and physics, 
which are concerned with these problems. Figure 2 is Eastman Kodak 
representative, Lorel Au, explaining the various aspects of her job as- 
an Environmental Engineer. 

Insert Figure 2. 



TABLE 2 
ENGR. 195A/B 
Lectures and Laboratories 



1. Introduction — 

2. Initial Testing 

3. Lecture: Career Planning I • Christine Smith, Counselor, Freshman 

Engineering 

4. Lab n : Hand Tools ' 

5. Lecture: Environment • Lorel Au, Eastoman Kodak 

Gwendolynn Albert -Environmental Protection Aqencv 

6. Lab «2: Power'Hand Tools 

7. Lecture: Environment - Ron Wukash, Civil Engineering, Purdue 

8. Lab ^^3: Power Tools 

9. Lecture: Energy: Prof. Gerry Heydt, Electrical Engineering, Purdue 

10. Lab j?4: Woodwork 

11. Lecture: Energy: Prof. E. BaiTey, Nuclear Engineering, Purdue 

12. Lab §S: Electricity 

13. Lecture: . Energy - Prof. Keith Brown^ Management, Purdue 

14. Lab #6: Plumbing \ 

15. Lecture: Transportation - Ann Muzyka, Dept. of Transportation 

16. Career Planning II - Christine Smith, Counselor, Freshman Engineering 

17. Lecture: Transportation - Prof. Alan McDonald & Prof. Raymond GoodSon, 

Mechanical Engineering, Purdue 

18. Leib ^7: Introduction to Reclp. Eng. 

19. Lecture: Engineering Design - Blaine Butler, Freshman Engineering 

20. Lab tfS: Small Engines 

21. Lecutre: Bio-Medical - Dianne Rekow, Bio-Medical Engineering 

22. Lab #9: Introduction to Automotives 

23. Lecture: Bio-Medical - Prof. Leslie Geddes, Bio-Medical Engineering 

24. Lab #10: Auto Safety Inspection 

25. Lecture: Productivity - Fred Wood, F-16 Project Office, Wright Patterson A 
25. Lab- ^11: Auto Tune-Up 

27. Lecture: Productivity - Prof. Harold Amrine, Industrial Engineering 

28. Lab #12: Turbine Engines 

29. Lecture: Career Planning III - Christine Smith, Counselor, Freshman 

Engineering 
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A second major emphasis of Engineering 195- was the Ctirecr planning .md 
counsblling portion of the course. Three Cc-^reer planning sessions 
v;ere ccheduled. The first session which was held at the beginning , of 
the semester, was a combination lecture and discussion emphasizing ll.C! 
interaction of Interests, abilities or "ap^ti tudes , individual goals, and 
aspirations especially regarding career choice. These factors were 
compared to the students' perceptions of whatr kinds of things an 
engineer does^r The second career counselling session held at approxi- 
mately mid-semester involved a short lecture about the use and Inter- 

181 

pretation of the Strong Campbell Interest Inventory ' and a short 
lecture about the use and interpretation of the Purdue Interest 
Questionnaire. Each student had profiles of themselves for both 
of these interest ques tionnai res • After the lectures, the students wore 
divided into small qroups for further interpretations of their interest 
inventories. Students were also given the option of discussing their 

profile individually if they wished to do so. Figure 3 is Christine 
Smith interpreting the Stro ng-Campbell Interest Inventory for an 
Engineering 195 student during a career counseling session. 



Insert Figure 3 



H] StAong, EdiMAd K., , and CcmpbcZt, P.P. Stnonc\-CampbcU . 

JrUoAzst Invzntonij, Stan^oAd UyUvciMlty P/lMa, Stanf^oAd, Cat^oxn^a 

0^ F^eA/iman Engutee^cJig, "Ptudae U^UvQA6ltij, lUcAt Laf^atjcttc. Indiana 
1916. 

. -9- 
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OuHng the last session students were cjiven an opon-endod assignment 
in which they were asked to write their biographical introduction to 
be given at a banquet at which they were to be the principal speaker 
at ^^ge^O. The career cojjnsGling was primarily concerned with the 
decision-making process, which women in particular face when they 
consider engineering as a career choice and attempt to decide upon^an 
area within engin(erinp. ' 

student journals, giving their impressions of each class session, 
were another important aspect of the career planning. Appendices 
A, B, C, and D give some selected comments students wrote in their 
journals about the role model lecture-discussions, the hands-on lab-*; 
oratories , the career counselling and the overall course?. 

A third major area of emphasis of the exper.ipiental course was to provide 
students , with "hands-on" experiences. Durinrj a two hour lab- 
oratory each week, held at the Purdue Airport, students worked 
in a variety of activities involving hand tools, power tools, 
metals, electricity, tf^^'^'Tssembly and disassembly of small engine?, 
automotives, and a test demonstration of a gas. turbine 
ipngine. Figure 4 shows an engineering student using a blow torch. 



Inrert Figure 4 

* » ■ 

The primary concern of^ the hands-on laboratory was praviding the/^udent 

participants with knowledge and experiences related to engineering and 

/■ 

technoldg^fc Another important aspect of the lab Is that it gives 
students more confidence in their ability to work independently and in 
"groups in a laboratory situation^? This increased competence hopefully 



vnll help students in future courses involving laboratory work. 
Furthermore, many engineering jobs involve a great deal of expcrimont^il 
laboratory work » so that proficiency at laboratory work is often very 
important-to the practicing engineer. The ^ab portion of the course 
progressed very well • The comments from the journals indicate the 
students' intere^. and the value of these experiences to their 
engineering education. Evaluation by upperclass engineering students 
confirmed the merits of the "hands-on'* lab experiences. 

1.6 Evaluation of the Educational Program ..-.^ ' , , 

Two thousand freshman engineering students were gi.ven information about 
the experimental course during the fall semester. Subjects were selected 
randomly from the 250 freshman engineering and science students (75 

women -and 175 men) who expressed an interest in the cours^e. The 
assignment of students in the course include'd -two experimental sections, 
one containing primarfly women {22 women and 4 men actually enrolled) 
and one con^^■>ining about half women and half men (15 women and 11 men 
actually enrolled) • Two control groups were used for the study. One 
control group consisted of persons who had requested the course but*" 
were assigned to. the control group (15 subjects* 10 women and 5 men 
participated). The other control ^ group consisted of students enrolled 
ifi a freshman engineering design course (61 men and 4 women participated) 

1.7 Evaluation Instruments : Six standardized .tests were used to 
evaluate the effectiveness of the laboratory experiences in increasing 
knowledge in technical areas. These tests include the Tool Knowledge 



Test, the Mechanical Information Test , and the Electri c al InfoiT.ia tion 
Test. the Auto Mech an ics Test . the Bennett Mechanic al Comp rehcnsi 
Test , and the Purdue Adaptability Tes t.^^^ 

To evaluate changes In goals, interests, attitudes, perceived capabilitier 
and experiences, a survey of 150 Items was developed specifically for 
the program, This J ob Activity Preference Questionnaire was used to 
measure changes In job and activity preferences as a result of the program 

All of the pre-testing including the use of the s.tandardized tests and 

■ I ■ \- - . ■ ... 

the survey was completed during the first week of classes. Post-testing 
with the same instruments was completed during the last week of classes. 

A supplementary survey designed for evaluation of various aspects of 

the course (including the lecturers, laboratories » career counselling 

sessions » textbooks » etc.) was completed by the experimental students 

at the end of the semester as well. 

. ■ ' \ 
1.8 Data Ana lysis: The data were analyzed using a variety of statistical 

techniques. The six cognitive pre-tests and post- tests usee! to evaluate 

•the effectiveness of the laboratory experiences were analyzed using 

t-test5> analysis of variance and of qovariance. The total score based 

on the sum of the six tests was analyzed as well. The experimental group 

and control groups gain scores and sex differences were of primary 

interest in the analyses. s ■ ■ 

20) EdacationaZ Tutting SeAvica, llzcViicat lK;{o^ynat^o>t Ttit , hiachanlcat 
In^ohmtion Te^ t, ami Toot Xnotugcrfpe Test , 196} . 

21) CampbM, Bmicz A. 6 Johnion, SaeZUn 0. T/ic Shont Occap<tUcnai 
KnoiOl^dgz. Tcjit f^o/i Auto MecAarttcA » Science Rg^co/lc/i A54ociafc^, 1969. 

22) ZznntUt, Gdongt K., EgnnoXt M^chafiiccit Compxdicnslon Tut , T/ie 
Ptychotojlcdt Co^pohaUon, 196S. ~ 

•23) Lcmhi^, CJi, ami Ti^<n, J. The PuAr/ue f>\^chantaat A daptabitittj T(i^t , 

24) Mechan, JloboAt C./UcvuiU, Atma F., MtConmic, E/ineAt J., and 
JcanneAet, P»R, Joh Ac tivi Ui ^rnc f^en\'nc.c. 0((CAf (oiiHa< no , 197?. 



Items on the pre-survey and post-survey were analyzed using ch1- 
square as a statistic in which four groups were compared: experimental 
men, experimental women, control men and control women. The items 
were then factor analyzed and made into 10 separate Likert type scales. 
Reliability co-efficients were obtained for the scales using the pre- 
survey. The pre-s.cales and post-scales were separately analyzed with 
primary interest in qain scores, experimental vs. control groups and 
sex difference. 

1.9 Results - Cognitive Data: As may be seen in Table 3 the combined 
experimental and male groups had significantly higher adjusted mean 
scores than control groups on the Purdue Mechanical Adaptability Test , 
the Mechanical Information Test and the total score based on the 
analysis of covariance results using the pretest as a covariate and 
post-test as the variato. Except for the Mechanical Information Test 
there v/ere no statistically significant differences between the ad- 
justed 'means scores of the experimental and control women. Table 4 
summarizes the results of testing the significance of the gain scores. 
Highly significant gains for women in the experimental group were 
observed on all tests except the Auto Mechanics Test (p < .001) with 
significant and similar results for the combined experimental group 
(p < .001). The experimental men also showed significant iirsprovement 
on all but the Bennett Mechanical Comprehension . The control groups 
(men, women and combined) also showed slight gainson most of the 
cognitive tests. The differences In gain scores using t- tests in 
Table '5 Indicate significantly greater gains on all but one test 
(the Auto Mechanics Test ) for the combined experimental over the 
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TABLE -3 

Analysis of Covarlance Significance Levels and Raw Score Adjii^^'^ f^^^ns 
for the Tests of Technical Knowledge. 



ADJUSTED MEAf^^ 

WOMEN MEN COMBlNEf) ' 

EXPER. CONTROL EXPER . CONAgl^ EAPER. COflTROi 



MECHANICAL ADAPTABILITY 


32 


30 


35 




33 


30 ' 


MECHANICAL COMPREHENSION 


55 


55 


54 




54 


54 


TOOL KNOWLEDGE TEST 


21 


20 


-23 




21 


21 


MECHANICAL INFORMATION 


21 


18 3 


23 




22 


19 ' 


ELECTRICAL INFORMATION 


21 


19 


22 




.21 


20 


AUTO MECHANICS TEST 


5 


5 


6 




5 


S 


TOTAL 


156 


149 


160 




157 


149 ' 



1 p <.05 

2 p <.01 

3 p <.001 



(.1 



ERIC 
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TABLF 4 

«»w Score r^ean, t-Test Sig„,f,cance LeveU for Differences Between 
Correlated Pre and Post Cognitive Test Means for Each Group in the P.rd„e 
197? WEEA Engineering Skills and Career Planning study. 

GROUPS 

COGNITIVE ■ ,"[',"■ wS-n"- '^n""^"'";'TML TOTAL TOTA, 

_TES_T_._ p,, POSJ P^rSkl mhsi m'loST ^i'fL 

3? 



PMA 


22 


27 


3 


21 


24 


34 


39 


3 


32 


34 


1 


25 


31 


3 


30 


BMC 


48 


51 


3 


49 


, 52 


59 


59 




55 


55 




51 


53 


3 


54 


TKT 


16 


18 


3 


15 


17 1 


25 


26 


1 


22 


23 




18 


2n 


3 


21 


MIT 


15 


19 


3 


14 


14 


21 


24' 


3 


21 


22 


1 


16 


20 


3 


19 


EIT 


16 


19 


3 


15 


17 


21 


23 


^. 


21 


22 




17 


20 


3, 


20 


AMT 


4 


4 




3 


4 2 


5 


7 


1 


6 


■ 6 


1 


4 


5 


1 


5 


*SUM 


120 . 


-137 


3 


116 


12a 2. 


163 


178 


3 


156 


161 


3 


136 


152 


3 


150 


!o. of Cases 


(37) 


(37) 




(14) (14) 


(14) 


(14) 




(61) 


(61) 




(51) 


(51) 




(75) 



21 
?0 
21 
6 

1^7 



* Cognitive test titles: 

PMA - Purdue Mechanical Adaptability Test 
- BMC - Bennett M^chan Test 

IKT - Tool Knowledge Test < 
MIT - Mecfianical Information Test 
EIT - Electrical Information Test 
AMT - Auto Mechanics Test 
, *SUM - Total Of all (Due to rounding error totals may not be equal) 

Signifiance levelsbased on 1 tailed t-tests: 

<.01 
<.001 
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TABLE 5 

Raw Score Differences Between Cognitive Pre and Post-Test Means, Differencef 
Between Differences of Experimental and Control Groups, and t-Test Significance 
Levels for the Differences Between Differences for the Groups 



GROUPS 



COGNITIVE 
TESTS 

PMA 

BMC 

TKT 

MIT 

EIT 

AMT 

SUM 

.V of Cases 



COGNITIVE 
TESTS 

. PMA 

BMC 

TKT 

MIT 

EIT 

AMT 

SUM 

H. of Cases 



EXPERIM 
Kg-'^^T^DE 

5.7 

2.8 

2.1 

3.9 

2.6 

.65 

17.8 

(37) 



EXPERIM 
Xg-Jf^-DE 

5.7 

2.12 

1.78 

3.80 

2.53 

.96 

16.9 

(51 ) 



WOMEN 

CONTROL 
Xj-X^^DC 

3.7 

2.4 

1.8 

.9 

1.7 

1.14 

11.6 

(14) 



TOTAL 

CONTROL 
Xg-j^^-DC 

2.0 

.94 

.71 

.85 

.91 

.69 
6.1 
(75) 



MEN 



DE-DC 
2 
.4 
.3 
3.0 
.9 
-.49 
6.2 



DE-DC 
3.7 
1.18 
1.07 
2.95 
1.62 
.27 

10.8 



P 
3 

1 
1 

3 
2 



EXPERIM 
X2-Xl'=DE 

5.6 

.29 - 

.93 
3.57 
2.29 
1.79 
14.4 
(14) 



EXPERIM 
WOMEN 

5.7 
2.81 
2.11 
3.89 
2.62 
.65 
17.8 



CONTROL 
Xg-X^-DC 


DE-DC 


1.6 


4 


.61 


-.32. 


.46 


-.47 


.85 


2.72 


.72 


1.57 


.59 


1.20 


4.8 


9.5 


(61) 




CONTROL 

MEN 
Jfg-X^-DC 


DE-DC 


1.6 


4.1 


.61 


2.20 


.46 


1.55 


.85 


3.04 


.72 


1.90 


^ .59 


.05 


4.8 


13.0 



Based on a chi-square analysis of frequencies: 

J P < .05 
2 p < .01 
' P < .001 



control group and for the experimental women over cont'-ol non. The 
experimental women had significantly greater gains that the control 
women on the Mechanical Information Test (p < .01) and on the total 
score (p < .05). Significantly greater gains were also found for 

the experimental men over the control men on the total and three 

cognitive measures. 

The analysis of variance of the pre and post tests both revealed 
significant differences according to sex on all tests (p < .001). 

However, significant improvement was found for both men and women 1n 
the experimental groups (on the previously mentioned tests) when they 
were analyzed separately by the analysis of covariance and t-tests. 
^^9^re 5 contains a summary profile showing pre and ^ost test results 

Insert Figure 5 

for experimental women and control men. Although the women were not 
able to completely "catch up" with the men in- technical knowledge, 
there was a substantial gain. 

The chi-square analysis of the pre-survey items revealed that 
women generally felt they had less technical capability than mer. 
The post survey, however, revfealed that women in the experimental 
group had increased confidence in their technical skills and that 
they felt they had gained a great deal in their technical knowledge. 
The analysis of variance. of the pre-survey and post-survey scales also 
showed that the experimental women gained in their confidence in 
performance of technical skills and in their preceived achievement of 
technical knowledge. Changes in goals, interests, and attitudes 
toward women in engineering for all groups were minimal although women 



65 



ixprRrheNTnLTrrinirfi« 




Figure ^. The profile shows the performance of 
experimental women compared to control 
. men on each of the pre- and 'poat" 
oognitive teatu* 
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tended to have stronger and more positive attitudes in both the pro- 
surveys and post-surveys. Table iS contains mean scores on the pre and 
post survey for the various scales used to measure the affective and 
behavioral impact of the program. The very significant gains in self- 
perceptions of technical capabilities by the experimental women and 
men provides statistical support for the positive affective impact cf 
the model course. The increased engineering-technical activities of 
the experimental group is perhaps expected in view of the laboratory 
experiences. Of continuing interest which is the focus of data now 
being collected and analyzed is the determination as to whether these 
gains will continue among the experimental women arid men a year 
or two after the course is completed. 

1 .10 Discussion 

Thepilot field test and the model program designed for women. entering 
engineering indicate that a single course can proyide women (and men) 
with those experiences they often lack and which tend to put them at 
a disadvantage in launching an engineering education. The "hands-on" 
laboratory resulted in substantial, although. not complete, gains in , 
technical knowledge for women in the experimental group compared to men 
in the control group. Student journals showed evidence that a great 
deal of thought was going, into the formulation of specific career plans, 
after each role-model lecture-discussion session and career counselling 
session. Evidence from the survey scales indicates increased self-, 
confidence of women in their technical knowledge and laboratory skills* 
as well. Final course evaluations by the students indicated that they, 
. v/ere generally pleased with the course 
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TAnir 6 

Rdw Zrj,rt Means and T-Ttst 2 Tatled Significance LcvcU for Differences Between Correlalcd Pre *r^^ Ponr 
Survey Scale Means for Ertch Coup in the PurJue 1977 WEtA CnqJncerinq Skills and Career PlAnnlng Study. 



Educ «> tion a l Goals - J iTTpqr t a n r e 
Hands-on suns 

Knowing About Engineering Problems 
Career Plans & Self Identity 
?.l'l<l'^A^l>"AV7'> oal> - Achie venwut 
Hand: -on Skills 

Knowledge About Engineering Problems 
Career Plans S Self Identity 
CdlMbiJ ities 



EXPER. 
WOMEN 
PRE POST 



CONTROl 
WOMEN 
PRE POST 



EXPER. 
HEN 
PRE POST 



13 


13 


tl 


11 


\3 


12 


31 


31 


30 


29 


30 


29 


IS* 


15-» 


15 


15 


15 


14 


13 


12 


6 


7 


12 


n 


26 


?8 


20 


22 


27 


26 


12 


12 


.11 


11 


14 


12 



CONTROL 
MEN 
PRE POST 

11 11 
29 20 2 
15 13 

8 ^0 
23 23 

12 ' II ' 



TOTAl 
EXPER. 
PRE V0\\ 

13 U 
31 30 
15 14 2 

.13 1? 
26 ?7 
13 1? » 



TOTAL 
COSTROL 
PPr POST 

II n 
r9 :h ' 

IS K ' 

23 ?1 
1? ]l * 



Sensory Ski 1 Is 


27 


29 


1 


: 29 


28 


29 


30 


28 


.28 


7n 




. 30 


:n ^ 


Psycfo-Motor Ski IK 


56 


S9 


) 


57 


54 


62 


61 


61 


sa 


57 


f>0 




S/ "' 


M<?chantc«l Equipment Adjusting 


34 


37 


3 


34 


35 


39 


IB 


36 


3S 


35 


37 1 


35 


.If' 


ObnorvationaV Skills 


32 


34 




32 


32 


39 


■ 37 


35 


3A 


33 


35 




3J ■ 


Per'jonal A Social Development 


■■ 12 


14 


7 


12 


13 


12 


12 


11 


12 ^ 


12 


13 1 


11 


1? i 



Preferences 

Engineering 
Activities 



23 24 



23 24 



27 26 



24 24 



24 25 



Vtomen In Engl ne€ ring Attitud es 



To tal Scores 
^ Importance of Coals 
Achievement of Tioals 
TechrM^a^^Capabl H ty 
tngineerlng^T^hnical Activities 
Attitudes 

No. of Cases 



T^Chnli 
Women In Enqlneertn 



24 24 



Ennlncerinq & Science Discussion 


37't 


45 


) 


38 


"40 


37 


44 1 


37 


38 


37 


4S 


3 7 




Tools and Technology 


19 


35 


3 


18 


20 


26 


32 1 


24 


24 


21 


34 ^ 


23 




Engineering 4 Science 


18 


21 


2 


18 


20 


22 


23 


18 


21 ^ 


19 


21 1 


IH 


21 ^ 


Enginecrinq ft Science Programs 


n 


11 


) 


9 


9 


10 


13 


9 


11 ^ 


9 


12 5 


9 


11 1 



Con>i>cti ti veness 


55 


54 


58 


53 


47 


46 


46 


41 2 


53 


52 


4^ 


44 


Femifjinl ty 


21 


20 


21 


20 


16 


15 


15 


15 


19 


n 


16 


\(> 


leadership 


18 


17 


19 


17 » 


14 


14 


14 


13 2 


17 


16 


IS 


14 


Career Planning 


13 


14 


' 14 


13 


13 


13 


13 


12 2 


13 


13 


I 3 


l." 



59 59 


S7 55 


58 55 


55 52 ' 


59 5n 


5f) 52 


51 52 


38 40 


S3 50 


44 43 


SI 51 


4; 4.' 


148 159 ^ 


151 150 


168 164 


161 154 > 


1S4 161 


150 IM ' 


82 112 5 


82 89 


95 111 • 


88 94 5' 


86 112 5 


R7 93 ' 


94 92 


98 90 


78 75 


76 70 2 


89 87 


no 74 ^ 


(35)(35) 


(15){15) 


(13)(13) 


(63)(63) 


(48).(48) 


(7R)(7n) 



Based on student and staff observations and evaluations, revisions 
were made in the pilot course and offered again during the 2nd 
Semester 1978. The course was. changed primarily to more nearly meet 
the individual needs of the students. It was divided into modules 
including the "Hands-on" lab, the role-model lecture-seminar, and 
a recitation-discussion which includes engineering problems and career 
counselling. Students can select a single or combination of modules 
that meet their individual needs. The career counselling:discussion 
module was reserved primarily for those people who were undecided. 
Students who were interested in the course filled out a form rating 
their knowledge of engineering problems, technical knowledge, and 
choice of school. Students were given priority on the basis of their 
ratings, so that students with the greatest need would have^the first 
chance to sign up for the course. Space was reserved for twice as 
many students (120 vs. 60) as the previous year, but only about half 
of those who indicated an interest (150 of 300) could be accommodated. 

The staff anticipates even greater success with the modular 
approach. Present plans indicate the University will continue to 
offer the "hands-on" laboratory both semesters during the academic year 
and the seminar and career counsel ling-recitation modules during the 
second semester of the academic year. 

The results of the first year's experiences were shared with other 
colleagues concerned with womens programs in engineering and higher 
education at an invitational workshop held at Purdue, December 1-2, 
1977. Rress releases, the annual report and technical papers presented 
at local t regional , national and international meetings 

25) BiittVip 8., e.t at ''Eng.LncQA.Lngt Handi-On SkiJU6^\ Pflfpc^ p^eAOif.ccf at 
thz iSth Annaual Amc.HA,can Saclttif of^ Engln(LZ/Unct Educittion CdndcAcncc, 
tlnivi^^^^ Vakotia, Jmn 21-30, 1977: 

26) LzBotd, zt at "CoAee^ VriQ.\^aACLtion hiodeZ: EdacMXAJOnat Eqvuittj In 
EnqlntZKinQ Annual Rc/mt, SzpttmboA 1976 - Aa(|a>it 1977, ViVidat i\ni\KMiUf. 



have also been used to disseminate 4nfonnation regarding the mode! 
program. It is anticipated that other institutions and non-traditional 
fields will adopt similar, but probably not identical programs 
depending on their Individual needs and resources. 

The results of the evaluation of the second year of the project 
will be incorporated into a comprehensive technical report, a short 
summary report and in a variety of audio-visual modes. 
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